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Abstract 
Steel components have to be identifiable and traceable during the whole manufacturing chain. The choice of the identification 
method is not specified consistently in international rules and standards. In the European standard for the execution of steel 
structures EN 1090-2 it is specified that the use of durable marks may not result in producing damages and that hard stamped marks 
are only permitted for steel grades up to S355 and only in areas where no effect on the fatigue life is expected. 
In terms of durability and liability, markings should be resistant against particular manufacturing processes such as sandblasting, 
hot-dip galvanizing or coating. In detail, these methods are hard stamping, scribing, plasma marking and needling. 
Nowadays the machinery manufacturers have developed machines in which the marking process is automatically integrated in the 
manufacturing process. However, the effect of the installed notch due to the marking process on the fatigue strength of the 
components has not been investigated in detail yet. As a result a classification of the notched details in the European detail 
categories of EN 1993-1-9 is in principle not possible. 
For these reasons the influence of durable marking methods on the fatigue strength of steel components needs to be clarified by 
experimental fatigue tests and numerical calculations which are actually performed at the Institute for Metal and Lightweight 
Structures of University of Duisburg-Essen. The tests should determine the influence of several identification methods on the 
fatigue strength of structural steel details. Within the investigations the different surface conditions hard stamped, scribed, plasma 
marked and needled are considered. The fatigue tests are carried out considering three different steel plate thicknesses 15 mm, 25 
mm and 40 mm and two different steel grades S355J2 and S460N. 
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1. Introduction 
Identification and traceability of steel components is a very important aspect and also required by EN 1090-2 [1] 
during the whole manufacturing chain. Necessary information such like material grade, quality, part number etc. can 
be assigned to every single steel component with several available marking methods, which choice is not specified 
consistently in international rules and standards. The easiest way are marker pens, but when it comes to durability or 
liability purposes, pens are not resistant against particular influences, like weather or manufacturing processes. For 
this reason durable marking methods are advisable, when the marking should be resistant against these processes such 
as sandblasting, hot-dip galvanizing or coating. Suitable marking methods are hard stamping, scribing, plasma marking 
and needling, see Fig. 1. Machinery manufactures have developed marking machines, which can be fully integrated in 
the manufacturing chain, which reduces costs and efforts.  
However, these marking methods install notches, see Fig. 1, and can influence the fatigue life. Every of these four 
methods changes the material in some way. The effect on the fatigue life has not been investigated in detail yet. 
Besides that, a classification of the notched detail in the European detail catalogue of EN 1993-1-9 [2] is in principle 
not possible. 
    
(a) (b) (c) (d) 
Fig. 1 Details of marking methods (a) hard stamping, (b) scribing, (c) plasma marking and (d) needling 
For these reasons, experimental fatigue tests and numerical investigations are carried out at the Institute for Metal 
and Lightweight Structures of University of Duisburg-Essen. Within this contribution, the results of the so far 
performed fatigue tests shall be presented. 
2. State of the Art 
2.1. Codes and Standards 
The execution of steel structures is regulated in EN 1090-2 [1]. It requires the complete identification of steel 
components from the first fabrication stage up to installation for execution classes EXC3 and EXC4. Besides this, in 
steel structures of EXC2, EXC3 and EXC4 with different steel grades, each steel component has to be marked with 
the respective steel grade.  
Regarding the choice of the marking method, hard stamped, punched or drilled marks are only permitted for steel 
grades up to and including S355 and shall only be used in defined areas where they do not affect the fatigue life. 
Furthermore, they are not allowed on coated materials for cold-formed products and for stainless steels. In addition, 
durable markings should be applied in such a way that damages are avoided – not specifying what kind of damages 
are meant. In case that hard stamped, punched or drilled marks are not permitted because of the mentioned restrictions, 
the use of soft stamps should be verified.  
The main problem by fulfilling these rules is that no precise definition for soft or low stress stamps is given. EN 
1090-2 does not give any advice, which marking methods can be characterized as either hard or soft respectively low 
stress stamps. Nevertheless, low stress stamps can be interpreted as marks with rounded and soft notches [3]. With 
this interpretation durable markings should be applied with even and soft transitions between the raw material and the 
installed notch. Therefore, the marking methods hard stamping and scribing are of course hard marking methods but 
needling and plasma marking are still difficult to categorize. 
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2.2. Identification and Marking Methods 
Due to the fact that the choice of the identification method is not mandatory, several marking methods can be used. 
Within this contribution four different durable marking methods have been investigated: hard stamping, scribing, 
plasma marking and needling. 
Hard Stamping 
Hard stamping is a process, where a defined stamp with single or multiple signs is punched into the raw material, 
which produces an indentation on the steel surface. The more signs are marked simultaneously, the higher marking 
forces are needed. In comparison with other marking methods, the marking force has to be relatively high. 
Consequently, hard stamps have mostly sharp and angular contours, which reduce the required marking forces and 
decrease the fatigue strength. The hard stamped marks within this contribution were installed with a powder-actuated 
marking tool by Hilti which was set to the highest marking force and was loaded with the most explosive powder 
capsules. The marking tool and the marking stamp itself are shown in Fig. 2. 
 
Fig. 2 Mobile hard stamping unit used in the present investigations 
Scribing 
Scribing, also known as marking by milling, layout marking or contour marking, is a milling process for marking 
layout lines as well as characters. Scribing is often used to mark structural profiles or plates with information like 
layout lines, part numbers or welding details. Due to the high variability of marking geometries, scribing can be used 
for multiple marking tasks and can also replace the manual scribing of layout lines. In contrast to hard stamping and 
needling, scribing is - besides plasma marking - a process where material is removed from a component.  
Plasma Marking 
Plasma marking is similar to plasma cutting, but requires significant lower amperages from about 5 to 20 A. The 
technical similarity between the two processes offers the advantage that both, marking and cutting, can be done with 
the same machines. During the marking process the raw material is melted and pushed away by the plasma jet, see 
Fig. 3.  
The influence of plasma markings on the fatigue strength of thin steel plates was investigated in [4] and [5]. The 
results showed a direct correlation between the marking amperage and the fatigue strength. The higher the marking 
current and herewith the marking depth, the larger was the decrease of the fatigue strength.  
The investigated specimens within the present contribution were plasma marked by RSB Rudolstädter Systembau 
GmbH, Germany with a stationary plasma marker from Peddinghaus Anlagen & Maschinen GmbH, Germany. In a 
first step, the markings were installed with an amperage of 6 Ampere and a marking speed of 6.1 m/min. While 
preliminary tests with this parameters did not show any effect on the fatigue life, i.e. all tests were run out tests, the 
marking amperage was raised from 6 to 10 A with the same marking speed in a second step. The differences in the 
two installed notches can be compared in Fig. 3. In consequence of the lower marking current and marking speed, the 
transition between the raw material and the oval notch is almost even, so that there is nearly no irritation.  
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Fig. 3 Comparison of different typical plasma markings: (a) higher current of 10 A, (b) lower current of 6 A 
Needling 
Needling describes a process where a magnetic or pneumatic actuated needle is punched into the surface of the 
component and creates single dots due to plastic deformation. The installed notch is nearly a negative of the needle 
tip, which main geometrical parameters are the radius and the angle of the needle tip conus. If needles with radiused 
tips are used, the process is also called “low stress needling”. Needle markings are often applied by steel manufactures 
to assign information like the steel grade to the steel plates. The needled markings investigated here were installed 
with the help of MARKATOR® Manfred Borries GmbH, Germany by using a mobile marking tool with an extra 
strong magnet to achieve deep markings. Preliminary tests with needled test specimens showed that needling has 
nearly no influence on the fatigue behaviour – always run out tests were carried out. For this reason the marking 
machine was programmed to execute every marking twice for all the following test specimens. The marking machine 
with the needle tip can be seen in Fig. 4. 
 
(a) (b) 
Fig. 4 Needle marker Fly Marker Pro (a), MARKATOR® Manfred Borries GmbH with needle tip (b) 
3. Experimental Fatigue Tests 
3.1. General 
The test programme was carried out at the Institute for Metal and Lightweight Structures of University of Duisburg-
Essen. The programme contains two different steel grades S355J2 and S460N with each three plate thicknesses 15 
mm, 25 mm and 40 mm and four durable marking methods hard stamping, scribing, plasma marking and needling, 
see Table 1. The specimens investigated within this contribution were divided into different test series using the 
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information in Table 2. According to Table 2 the first plasma marked specimens made of material S355J2 with a 
thickness of 15 mm has the short name: 355-15-Pl-01. 
Table 1 Test programme 
Number of 
Specimen Steel Grade Marking Method 
Steel Plate 
Thickness 
[mm] 
Total 
number of 
Specimen 
10 
(each) 
 
S355J2/ 
S460N 
Hard stamping  15, 25, 40 
240 
Scribing 15, 25, 40 
Plasma marking 15, 25, 40 
Needling 15, 25, 40 
Table 2 Name scheme of test specimens 
(1) (2) (3) (4) 
Steel grade 
Steel plate 
thickness 
[mm] 
Marking method Consecutive 
number 
355 
460 
15 
25 
40 
Hard stamping:  
Scribing*:  
Plasma marking: 
Needling*²:  
St 
Fr 
Pl 
Na 
1 to 10 
* German “Fräsen” 
*² German “Nadeln” 
3.2. Test Specimens 
The geometry of the test specimens is shown in Fig. 5. The specimens were clamped at both ends. In the marking 
area the specimens are narrower, so that fails in the clamping area were excluded. 
 
Fig. 5 Shape and dimensions of test specimens 
All S355J2 specimens and the S460N specimens with a thickness of 15 mm and 25 mm were plasma cut with an 
oversize of 3 mm. To avoid influences of hardened cut edges in consequence of the plasma cutting, the specimens 
were milled to size afterwards. The S460N specimens with a plate thickness of 40 mm were water jet cut in the 
mechanical workshop of University of Duisburg-Essen. 
To determine the exact material properties, inspection certificates 3.1 of the delivered material were ordered as 
well and tensile tests of all materials were carried out at the Institute for Metal and Lightweight Structures of University 
of Duisburg-Essen. The measured yield strengths were used to calculate the fatigue load for the test specimens. 
The marking layout should be producible with all four marking methods, so that a specific combination of letters 
and numbers was chosen. Furthermore, two character heights were installed, compare Fig. 6. 
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Because the different character heights did not show any effect in first fatigue tests of plasma marked specimens, the 
layout for the hard stamped and needled specimens was changed, so that the hard stamped markings could be installed 
with nearly the same marking depth, see Fig. 7.  
 
Fig. 7 Marking layout of hard stamped specimens 
The marking depths and the surfaces of the installed notches were measured using a 3-D microscope. Using this 
technique, the microscope shoots pictures in different layers with a fixed distance and composes them to a single 3-D 
model. Within this model different measurements are possible. For example, the depth or width of an installed notch 
can be precisely determined. The models given in Fig. 8 show the different surfaces caused by the four marking 
methods. It is noticeable that all marking methods have a unique shape. The hard stamped notch (a) shows a very 
sharp and angular leading edge, so that a negative effect on the fatigue life can be assumed. The marking depth is 
about 400 to 500 µm. In contrast to that, the scribed notch (b) is much more irregular. Because of the rotating mill 
cutter, the surface is very rough. The marking depth is less deep compared to the hard stamped notch. It is about 200 
µm for the S355J2 specimens and 300 µm to 350 µm for the S460N specimens. The plasma marked notch (c) shows 
an even and rounded shape. The plasma jet pushes the melted material to the sides of the notch, which can also be 
seen in Fig. 8. The maximum marking depth at the starting or crossing points is about 400 µm to 500 µm. The needled 
notch also has a very radiused notch and is about 400 µm deep. 
Of course, the depths of all marking methods depend on the preinstalled parameters and vary with different 
installation parameters. 
 
Fig. 6 Marking layout of plasma marked and scribed specimens 
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Fig. 8 Captures of 3-D models of the marking methods (a) hard stamping, (b) 
scribing, (c) plasma marking and (d) needling 
3.3. Testing procedure 
The fatigue tests were performed at the Institute for Metal and Lightweight Structures of University of Duisburg-
Essen using two of the institute’s own servo hydraulic testing machines with static capacities of 1.0 MN and 1.6 MN, 
see Fig. 9. The respective dynamic capacities are 0.8 MN and 1.2 MN. To avoid influences of different machine 
parameters the fatigue tests for each series were performed on either one of the machines. Basically the specimens 
with a thickness of 15 mm and 25 mm were tested on the 1.0 MN pulsator, the specimens with a thickness of 40 mm 
were tested on the 1.6 MN machine. 
 
Fig. 9 Dynamic testing machines 
The fatigue load was applied force controlled with a sinusoidal load curve and a stress ratio of R = 0.1. The 
maximum stress was adapted iteratively, depending on the generated results, between 30 % and 96 % of the measured 
yield strength according to the inspection certificates 3.1. Depending on the fatigue load, the test frequency varied 
between 5 Hz and 9 Hz. 
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The fatigue tests were performed until failure of the test specimens or until 5·106 load cycles with no damages in 
test specimens occurred. These specimens were defined as run out tests.  
3.4. Test results 
The results of the fatigue tests achieved so far are summarized in Table 3. Further tests are still ongoing. The results 
show a clear decrease of the marked specimens in fatigue life. However, the influence is depending on the steel grade, 
plate thickness and marking method. The S-N curves presented in Fig. 10 to Fig. 12 were calculated statistically as 
the 95 %-fractile for survival probability with a 75 % confidence limit according to EN 1993-1-9, [2] and [6]. 
Table 3 Fatigue test results 
Marking 
method 
Steel 
grade 
Plate 
thick
ness 
Series name Stress 
range 
Stress 
range 
Fatigue 
strength 
Fatigue 
strength 
   'Vmin.* 'Vmax.*² 'Vc,50% 'Vc,95% 
 [mm]  [N/mm²] [N/mm²] [N/mm²] [N/mm²] 
Hard Stamping 
 
S355J2 
15 355-15-St 143 305 145 132 
25 355-25-St 167 284 158 137 
40 355-40-St 167 322 231 192 
S460N 
15 460-15-St 124 248 132 124 
25 460-25-St 144 310 173 155 
40 460-40-St 207 323 235 216 
Scribing 
S355J2 
15 355-15-Fr 206 350 202 191 
25 355-25-Fr 212 301 225 210 
40 355-40-Fr 262 318 253 231 
S460N 
15 460-15-Fr 228 290 185 154 
25 460-25-Fr 207 311 181 149 
40 460-40-Fr 187 352 179 173 
Plasma 
S355J2 
15 355-15-Pl 193 340 168 141 
25 355-25-Pl 217 300 167 141 
40 355-40-Pl 232 304 175 - 
S460N 
15 460-15-Pl 174 286 149 129 
25 460-25-Pl 176 286 155 135 
40 460-40-Pl 207 311 155 143 
Needling 
S355J2 
15 355-15-Na*³ - 320 - - 
Needling 25 355-25-Na*³ 284 319 - - 
*  minimum stress range over all fatigue tests within each test series 
*² maximum stress range over all fatigue tests within each test series 
*³ preliminary test were performed. Only run out tests 
 
3.4.1. Hard stamping 
The results of the hard stamped samples are shown in a S-N diagram as given in Fig. 10. The results of the S355J2 
specimens (a) show a decrease in the fatigue life. The fatigue strengths of these series lie between 'VC  132 
N/mm² (continuous red line) for the 15 mm specimens and 'VC  192 N/mm² (continuous blue line) for the 40 mm 
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specimens. It is noticeable, that the fatigue strengths increase with a growing thickness of the test specimens. Two of 
the seven tested 40 mm specimens were characterized as run out tests.  
Compared to that, the S460N specimens (b) show a quite similar behaviour. The achieved fatigue strengths lie 
between 'VC  124 N/mm² (continuous red line) for the 15 mm specimen and 'VC  216 N/mm² (continuous 
blue line) for the 40 mm specimens. The fatigue strength also increases with thicker materials. The results show, that 
the relatively sharp marking has much more influence than the yield strength of the material, so that the results do not 
differ that much. 
 
(a) (b) 
Fig. 10 S-N curves of hard stamped specimens of (a) S355J2 and (b) S460N 
3.4.2. Scribing 
The results of the scribed specimens are presented in Fig. 11. The S355J2 specimens (a) also show a decrease in 
the fatigue strength. The fatigue strength of the 15 mm specimens is at a relatively high level of 'VC  191 N/mm² 
(continuous red line). The fatigue strength of the 25 mm and 40 mm specimens are higher and lie between 'VC  
210 N/mm² (continuous green line) and 'VC  231 N/mm² (continuous blue line). These high fatigue strengths 
result from the comparably small marking depths of about 200 µm. In spite of that, no run out tests were achieved. 
This caused by the relatively flat but rough notch. 
Compared to that the S460N specimens show a larger decrease of the fatigue strength. Due to the deeper markings 
the influence of the installed notch is bigger, so that the fatigue strengths remain from 'VC  149 N/mm² 
(continuous green line) for the 25 mm specimens to 'VC  173 N/mm² (continuous blue line) for the 40 mm 
specimens. Noticeable are the very small spreadings in the results of the 40 mm specimens of both steel grades. 
In comparison, the fatigue strength of the S355J2 series with a thickness of 15 mm is still higher than the fatigue 
strength of the S460N specimens with a thickness of 40 mm. This illustrates the big influence of the geometry of the 
installed notch.  
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(a) (b) 
Fig. 11 S-N curves of scribed specimens of (a) S355J2 and (b) S460N 
3.4.3. Plasma marking 
The results of the plasma marked specimens are plotted as S-N curves in Fig. 12.  In comparison to the series hard 
stamping and scribing, the plasma marked series produced the most run out tests. As expected, the S355J2 specimens 
(a) show a decrease in fatigue strength. Both, the 15 mm and the 25 mm specimens have a fatigue strength of 'VC  
141 N/mm² (continuous red and green line). The 40 mm specimens show a very discontinuous behaviour, so that an 
S-N curve could not be calculated reasonably. The influence of the marking is very small, so that the load cycles up 
to a technical crack vary much more. Compared to other marking methods a defined technical crack due to the installed 
notch cannot be assumed.  
The fatigue strengths of the S460N specimens (b) are between 'VC  129 N/mm² (continuous red line) and 
'VC  143 N/mm² (continuous blue line). The 40 mm specimens also show a very discontinuous behavior. A S-N 
curve could be calculated but it can be assumed, that the real fatigue strength is higher. Further tests are still ongoing 
to ensure the results. In comparison, the 15 mm and 25 mm specimens of both steel grades show a similar fatigue 
strength. An influence of the different yield strengths could not be determined for these series.  
 
(a) (b) 
Fig. 12 S-N curves of plasma marked specimens of (a) S355J2 and (b) S460N 
3.4.4. Needling 
Only preliminary tests of needled specimens have been carried out so far. These first fatigue tests showed nearly 
no effect on the fatigue life with the given mark. Samples loaded with a stress range of about 'V 280 N/mm², which 
is 85 % of the measured yield strength, did not fail until 5 million load cycles. Further test with higher stress ranges 
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of 'V 320 N/mm², which is about 95 % of the measured yield strength, led to a fail of the specimens beginning from 
the raw material and not from the mark itself. 
3.4.5. Summary 
In total, the fatigue tests show a clear decrease of the fatigue strength due to the marking methods hard stamping, 
scribing and plasma marking. Fig. 13 shows typical fracture types of the different marking methods. 
Except from the plasma marked specimens with a plate thickness of 40 mm, all test series showed a very clear and 
reasonable fatigue behaviour. The fatigue strength for all tested series lies between 'VC 124 N/mm² (S460N, 
hard stamped specimens with a thickness of 15 mm) and 'VC 231 N/mm² (S355J2, scribed specimens with a 
thickness of 40 mm). The so far tested needled specimens show nearly no effect on the fatigue life of the steel 
components. 
Further tests on needled specimens and plasma marked specimens with a thickness of 40 mm are still. 
The achieved results are very good, when - for example - the rules of the German National Appendix (NA) to EN 
1993-2 [7] for steel bridges are considered. Due to the German NA a fatigue check for road bridges does not have to 
be performed for main load carrying elements of steel grades of S235, S275 and S355 and a length of the influence 
line of more than 45 m when the detail category is above 'VC 71 N/mm². 
 
Fig. 13 Typical fracture types: (a) hard stamping, (b) scribing, (c) plasma marking 
4. Conclusions 
According to EN 1090-2, the identification of steel components is required during the whole manufacturing chain. 
The choice of the identification method is not specified consistently. Durable marking methods are reasonable, if the 
marking should be resistant against particular manufacturing processes like sandblasting, hot-dip galvanizing or 
coating. Mostly these durable methods are hard stamping, scribing, plasma marking and needling. The influence of 
these marking methods on steel components has not been investigated in detail yet. 
For this reason, experimental fatigue tests have been carried out at the Institute for Metal and Lightweight 
Structures of University of Duisburg-Essen. The tests are performed with test specimens marked with the four durable 
marking methods considering two steel grades S355J2 and S460N and three plate thicknesses 15 mm, 25 mm and 40 
mm each. The test results achieved so far show a clear decrease of the fatigue strength, depending on the geometry of 
the marking notch. Nevertheless, the achieved fatigue classes lie between 'VC,95% = 124 N/mm² and 'VC,95% = 231 
N/mm² for all tested specimens which are comparably high FAT classes. 
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